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1. Introduction
The protozoan parasite, Entamoeba histolytica, in-
fects 10% of the world population, leading to 50 mil-
lion cases of invasive amebiasis and 100,000 deaths 
annually [1]. Although improvements in sanitation 
in affected areas would prevent many infections 
with E. histolytica, modest advances in this respect 
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Abstract
Pure populations of early and late endosomes of Entamoeba histolytica were isolated by magnetic fraction-
ation and characterized. It was shown that these vesicles were enriched in acid phosphatase and cysteine 
protease activities. An important virulence factor, a 27-kDa cysteine protease, was also enriched in early 
and late endosomes of E. histolytica. These data suggest that E. histolytica hydrolases reside in compart-
ments that are part of or communicate with the endosomal pathway. To begin to identify the role of Rab 
GTPases in E. histolytica, an oligonucleotide approach was employed to screen an E. histolytica cDNA li-
brary for genes encoding Rab-like proteins. cDNAs encoding a Rab 11-like protein (EhRab11) and a novel 
Rab protein (EhRabA) were isolated and characterized. The EhRab11 cDNA predicts a polypeptide of at 
least 206 amino acids with a molecular mass of at least 23.2 kDa. Phylogenetic analysis and alignment of 
EhRab11 with other Rab proteins demonstrated that EhRab11 shared significant homology at the amino 
acid level with Rab 11-like proteins from a number of other eukaryotes, suggesting that EhRab11 is a 
Rab11 homolog for E. histolytica. The EhRabA clone predicts a polypeptide of 219 amino acids with a mo-
lecular mass of at least 24.5 kDa. EhRabA shared only limited homology at the amino acid level with other 
Rab proteins, suggesting that it is a novel member of this family of GTP-binding proteins. Finally, West-
ern blot analysis demonstrated that EhRab11 and a previously described Rab7-like GTPase from E. histo-
lytica was enriched in magnetically purified endosomal compartments of this organism. 
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demand that improved methods of disease diagno-
sis, treatment and prevention be investigated. 
Infection is acquired by ingestion of the cyst form 
of the parasite [2]. Excystation occurs in the small in-
testine and is characterized by the release of amoe-
boid trophozoites, which move to and colonize the 
bowel lumen. In the bowel lumen bacteria, erythro-
cytes, and cell debris serve as the major food source. 
Uptake of these nutrients is achieved by endocytic 
processes (pinocytosis, phagocytosis) and digestion 
of the internalized macromolecules is likely to be 
carried out by hydrolytic enzymes, including pro-
teases [3], which may reside in endo-lysosomal-like 
compartments. 
Endocytic processes are poorly defined in E. his-
tolytica. It is known, however, that these amoebae 
can actively phagocytose large particles such as 
bacteria and erythrocytes, and the ability to phago-
cytose bacteria appears to be correlated with viru-
lence [4, 5]. In addition, this organism exhibits ro-
bust fluid phase pinocytosis, turning over 30% of 
its volume per hour [6, 7]. There are two pinocytic 
compartments in E. histolytica [6]. The first (early) 
compartment consists of non-acidic, large vesi-
cles (> 2 μm in diameter) that rapidly exchange 
their contents with the external milieu. Trafficking 
of fluid phase to and from this compartment ac-
counts for most of the pinocytosis carried out by E. 
histolytica. The second (late) compartment consists 
of smaller vesicles with acidified contents [6]. The 
physiological relevance of these two compartments 
has not been discerned. 
Following depletion of the host protective mu-
cous blanket, amoebae can lyse colonic epithelial 
cells and invade the bowel mucosa to cause symp-
tomatic infection characterized by massive and 
sometimes fatal destruction of host tissue [8]. The 
potent cytolytic capabilities of E. histolytica have 
been attributed to a family of pore-forming pep-
tides, termed amoebapores [9], and hydrolytic en-
zymes. One group of the hydrolytic enzymes impli-
cated in E. histolytica pathogenicity is the cysteine 
proteases, which are constitutively secreted from 
E. histolytica trophozoites [3, 10]. Cysteine prote-
ases, ranging in molecular weights of 16-116 kDa, 
have been identified in extracts of Entamoeba [3]. In 
particular, a 27-kDa cysteine proteinase has been 
shown to participate in adherence [11] of amoe-
bae to host cell extracellular matrix and in amoebic 
liver abscess formation [11, 12]. Another hydrolytic 
enzyme, acid phosphatase, has also been impli-
cated in host cell destruction [13, 14]. Despite the 
importance of the E. histolytica endo-lysosomal and 
secretory systems in nutrition and invasion of the 
organism, relatively little is known about the mo-
lecular factors governing these systems including 
the associated proteins which may regulate endo-
cytic or secretory function. 
In other eukaryotes, the Rab family of small mo-
lecular weight Ras-like GTPases play important 
roles in the regulation of vesicle trafficking between 
various compartments along endo-lysosomal and 
secretory pathways [15, 16]. They also serve as use-
ful markers along these pathways as the cytoplas-
mic faces of each compartment are often associated 
with a unique Rab protein or set of Rab proteins. 
One of the unique structural features of Rabs is the 
carboxy terminal amino acid sequence, which may 
be characterized by a “–cysteine–cysteine” or a “–
cysteine–X–cysteine” motif [17]. The carboxy termi-
nal cysteines are post-translationally modified by 
geranylgeranyl groups [18] which facilitate mem-
brane interaction. 
Rabs can cycle between active (GTP-bound) and 
inactive (GDP-bound) states; this switching is con-
trolled, in part, by the transient association of the 
Rab protein with regulatory proteins [16]. By al-
ternating between membrane-bound and cyto-
solic forms and by binding and hydrolyzing GTP, 
Rab GTPases can function as “molecular switches” 
to regulate vesicle trafficking; a process by which 
material is transported throughout the cell and by 
which the uniqueness of each endocytic or secre-
tory compartment is maintained. Given the pro-
posed role of Rab proteins in other eukaryotic cells, 
it is likely that Rab-like GTPases regulate simi-
lar processes in E. histolytica. To date, only one 
Rab, a Rab7-related GTPase, has been identified in 
this organism [19], and its function has not been 
discerned. 
To further our understanding of the endosomal 
system of E. histolytica we have isolated pure pop-
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ulations of early and late endosomes by mag-
netic fractionation and characterized their associ-
ated proteins. In particular, we demonstrate that 
these compartments are enriched in acid phos-
phatase activity and cysteine proteases including 
the 27-kDa cysteine protease. In addition, to begin 
to identify the role of Rab GTPases in E. histolyt-
ica, we have used an oligonucleotide approach to 
screen an E. histolytica cDNA library for genes en-
coding additional Rab-like proteins. We report the 
isolation and sequence analysis of cDNAs encod-
ing a Rab11-like species (EhRab11) and a novel Rab 
protein (EhRabA) from E. histolytica. We further 
demonstrate that EhRab11 and the previously de-
scribed Rab7-like GTPase is enriched in endosomal 
compartments of E. histolytica. 
2. Materials and methods
2.1. Generation of iron -dextran particles
Iron-dextran particles were generated according 
to the method of Rodriguez-Paris et al. [20]. 
2.2. Strains and culture conditions
E. histolytica trophozoites (strain HM-1:IMSS) 
were cultured axenically in TYI-S-33 media [21] in 
screw cap tubes at 37°C. 
2.3. Effect of iron-dextran on growth and 
pinocytosis
To measure the effect of iron-dextran on growth 
and pinocytosis, cells were incubated with fluo-
rescein isothiocyanate (FITC)-dextran (70,000 Mr; 
Sigma, St. Louis, MO; 2 mg/ml) in TYI-S-33 [21] 
medium in the presence or absence of iron-dextran 
(2 mg/ml). At the time points indicated (Section 
3), the cells were detached by chilling on ice for 10 
min, decanted, pelleted by centrifugation at 500 × 
g at 4°C, washed twice in cold Buffer H (5 mM gly-
cine, 100 mM sucrose, pH 8.5) and resuspended in 
wash buffer. The cells were then counted by mi-
croscopic visualization using a Bright Line Hema-
cytometer (Reichert, Buffalo, NY). In addition, the 
cells were lysed in 10% (v/v) Triton X-100 and the 
intracellular fluorescence was measured with a Hi-
tachi Fluorospectrophotometer (Model F-4010) us-
ing excitation and emission wavelengths of 492 
and 525 nm, respectively. Fluorescence was con-
verted to volume using a standard curve of FITC. 
In addition, cells were lysed as described above 
and the cell-associated iron was measured as de-
scribed [22]. 
2.4. Measurement of the intra-lumenal pH of late 
endosomes 
Endosomal pH in living E. histolytica trophozo-
ites was measured by a dual excitation ratio method 
with FITC-dextran as a pH probe as described [23]. 
Briefly, late endosomes of trophozoites were labeled 
with FITC-dextran (2 mg/ml; see Section 3 for op-
timal loading regime). At the times indicated, cells 
were harvested as described above, washed with 
and resuspended in 50 mM MES buffer (pH 6.5) at 
a concentration of 3 × 106 cells/ml. The cells were 
diluted 20 × in MES buffer and fluorescence at 520 
nm following excitation at 450 and 495 nm was mea-
sured. The fluorescence excitation ratio at 495 and 
450 nm (value using excitation wavelength of 495 
nm, value using excitation wavelength of 450 nm) 
was calculated, and endosomal pH was determined 
from an in vitro standard curve of FITC-dextran in a 
pH range of 4–7. 
2.5. Magnetic purification of early and late 
endosomes 
For magnetic fractionation, E. histolytica tropho-
zoites were grown in 100 ml of axenic medium, 
TYI-S-33 [21], in sealed tissue culture flasks (T-175), 
at 37°C in a CO2 incubator. Typically six to eight 
flasks were used per experiment which represented 
a total of 4.8–6.4 × 108 cells. Early or late compart-
ments were labeled with 2 mg/ml iron-dextran as 
described in Section 3. After labeling, the cells were 
harvested as described above, washed twice with 
cold TYI-S-33, and resuspended at a concentra-
tion of 2 × 108 cells/ml in Buffer H. The amoebae 
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were homogenized by passage through an 8-μm 
polycarbonate filter (Poretics, Livermore, CA). In 
all instances, except when cysteine protease ac-
tivity was measured, the homogenate was sup-
plemented with a protease inhibitor cocktail con-
sisting of 1 mM ethylenediaminetetraacetic acid 
(EDTA), 1 mM ethylene bis(oxyethylenenitrilo)tet-
raacetic acid (EGTA), 10 μg/ml leupeptin, 20 μg/
ml chymostatin, and 20 μg/ml pepstatin. Iron-con-
taining endosomal compartments were purified 
from the homogenate by magnetic fractionation as 
described [20, 24]. 
Briefly, a column containing a loose mat of fine 
stainless steel wire (FE205110, 25 μm diameter; 
Goodfellow Corp., Malvern, PA) was mounted be-
tween the pole faces of a laboratory electromag-
net operating at 0.8 tesla. The homogenate was 
pumped into the column at 90 ml/h. Unretained ef-
fluent flowed through the column and the column 
was washed extensively with at least ten column 
volumes of Buffer H. The retained fraction was re-
trieved by shutting off the magnet and forcing 2 
column volumes of Buffer H up through the wire 
mesh. The retained vesicles were aspirated with a 
Pasteur pipette and were concentrated by centrifu-
gation at 39,000 × g for 30 min at 4°C. Vesicle-as-
sociated iron was measured as described [22]. Pu-
rified vesicles were characterized with respect to 
enrichment of hydrolases and Rab GTPases as de-
scribed below. 
2.6. Acid phosphatase activity 
Whole cells, purified early and late vesicles and 
column flow-through fractions were lysed by the 
addition of Triton X-100 to a final concentration of 
0.5% (v/v). The activity of acid phosphatase in the 
fractions was determined as described [25]. 
2.7. Measurement of cysteine protease activity 
Proteinases were detected following their elec-
trophoretic separation using a partial-denaturing 
gelatin-SDS-PAGE assay system [26], which con-
sisted of 12% (w/v) acrylamide mini-gels (0.5 mm) 
containing 0.2% (w/v) gelatin, Tris-HCl buffer, pH 
8.8, and 0.1% (w/v) SDS. Total protein from whole 
cell homogenates or magnetically isolated endo-
somes were solublilized, without heating, in Laem-
mli buffer [27] containing 0.35 M (final concentra-
tion) 2-mercaptoethanol. Typically 10 μg of total 
protein was electrophoresed per lane of the gels. 
In some instances, homogenates or purified endo-
somes were pre-incubated with the cysteine pro-
tease inhibitor, trans-epoxysuccinyl-l-leucylam-
ido-(4-guanadino)butane (E-64; 10 μM), prior to 
solubilization in loading buffer. Following elec-
trophoresis, gels incubated at 25°C in 2.5% (V/V) 
Triton X-100 for 30 min, and then in 0.1 M sodium 
acetate/acetic acid buffer containing 1 mM dithio-
threitol for 16 h. To visualize proteolyzed bands 
the gels were stained with Coomassie Brilliant Blue 
(0.25% (w/v) in 50% (v/v) methanol, 10% (v/v) 
acetic acid) and destained with a solution of 50% 
(v/v) methanol and 10% (v/v) acetic acid. 
2.8. Cloning and analysis of Rab cDNA clones 
Genomic DNA was isolated from E. histolytica 
trophozoites as described [28]. PCR was performed 
using genomic DNA as a template and degenerate 
sense and antisense primers corresponding to the 
amino acid sequences, GVGK(T/ S) and GNKCD, 
respectively. Both of these amino acid sequence mo-
tifs are highly conserved in Rab family proteins. The 
PCR products were sequenced as described [24]. 
An E. histolytica cDNA library (gift from Dr E. Tan-
nich, Bernhard Nocht Institute for Tropical Medi-
cine, Hamburg, Germany), prepared from amoebic 
trophozoites was screened as described [24] with 32P 
end-labeled oligonucleotides (5’-TTAAGATTTACA 
CGAAATGAATTTGATGCA-3’, 5’-TCAAATT-
GATAGACAAGAGAGTTTTGA-3’) that were de-
signed using sequence information obtained from 
the PCR products described above. Positive clones 
were isolated and sequenced on both DNA strands 
as described [24]. 
Searches of the National Center for Biotechnology 
Information data bases were conducted online us-
ing BLAST® version 2.0. Alignments of amino acid 
sequences were generated using Mac Vector® (ver-
sion 4.1.1) using the method of Wilbur and Lipman 
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[29]. Phylogenetic analysis was carried out using 
PCGENE®, V6.85 (Intelligenetics. Inc.). 
2.9. SDS-PAGE and Western blot analysis 
Magnetically isolated endosomes were solubi-
lized in Laemmli buffer [27] and SDS-PAGE was 
performed using the conventional discontinuous 
buffer system described by Laemmli [27]. Typi-
cally, 50 μg of total protein was electrophoresed per 
lane in 12% (w/v) polyacrylamide gels. Proteins, re-
solved by SDS-PAGE were electroblotted onto nitro-
cellulose membranes in a Towbin buffer system [30] 
at 100 V, for 1 h, at a controlled temperature of 15°C. 
Nitrocellulose-immobilized proteins were used in 
Western analysis. 
The generation of polyclonal antibodies recog-
nizing the 27-kDa cysteine protease is described 
elsewhere [12]. Polyclonal antibodies recognizing 
EhRab11 or EhRab7 were generated by immunizing 
New Zealand male rabbits (Cocalico Biologicals, 
Reamstown, PA) with bacterially expressed (recom-
binant) antigen corresponding to amino acids 145-
206 in the C-terminal divergent region of EhRab11 
or a synthetic peptide corresponding to amino acids 
121-141 in a divergent region of EhRab7 [19]. For 
Western blot analysis, nitrocellulose membranes 
containing electroblotted proteins were blocked 
overnight in TBSTG buffer (10 mM Tris base, 150 
mM NaCl, 0.05% (v/v) Tween-20, 0.1% (w/v) gel-
atin) at 4°C. After blocking, the blots were incu-
bated in primary antibody (either a 1:100 dilution 
in TBSTG of the polyclonal antiserum recognizing 
the EhRabs or a 1:1,000 dilution in TBSTG of the 
polyclonal antiserum recognizing the 27-kDa cyste-
ine proteinase), washed and then incubated in TB-
STG supplemented with goat anti-rabbit antibodies 
(1:30,000 dilution in TBSTG, Sigma, St. Louis, MO). 
Blots were developed in NBT buffer (100 mM Tris 
base, 100 mM NaCl, 5 mM MgCl2 containing the al-
kaline-phosphatase substrates BCIP (1.2 mM, Am-
resco, Solon, OH) and nitroblue tetrazolium (0.6 
mM, Amresco, Solon, OH). Scanning densitome-
try and analysis was carried out using an AlphaIm-
ager® 2000 (Alpha Innotech, San Leandro, CA). 
Standard curves obtained by scanning densitome-
try of Western blots using known amounts of pro-
tein were linear. All densitometric values obtained 
by scanning Western blots of the 27-kDa cysteine 
protease, EhRab11 or EhRab7 were within this lin-
ear range (data not shown). 
2.10. Statistical analysis 
Student’s t-test performed using the computer 
program GraphPAD Instat® (Version 1.12a, IBM®). 
3. Results and discussion 
3.1. Magnetic fractionation of endosomal compart-
ments of E. histolytica 
Magnetic separation of pinocytic vesicles of de-
fined age from E. histolytica has previously been 
reported [31]; however, in this previous study the 
recovery of vesicles was approximately 25% and 
limited characterization of the purified vesicles 
was carried out. We sought to isolate and exten-
sively characterize early and late endosomal ves-
icles from E. histolytica using a magnetic fraction-
ation protocol that we have previously employed 
to isolate pure endosomes from a non-pathogenic 
amoeba Dictyostelium discoideum with high yield ( 
> 75%) [24]. 
To determine if colloidal iron-dextran was toxic 
to E. histolytica trophozoites, we determined the 
generation time of the amoebae in the presence of 
the magnetic probe. E. histolytica trophozoites were 
grown in TYI-S-33 nutrient medium with or with-
out iron-oxide-dextran (2 mg/ml). At various time 
points over 72 h, the cells were harvested and the 
average number of cells present in the culture was 
estimated by cell counting. The doubling time for 
trophozoites in the absence and presence of the iron 
probe was calculated to be 12.8 and 11.8 h, respec-
tively, indicating that the magnetic probe did not 
significantly affect cell growth (data not shown). 
Similarly, the iron probe had no affect on the mor-
phology of cells, as evidenced by microscopic exam-
ination of the cells at each time point during growth 
monitoring (data not shown). 
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Previously, it was reported that early endosomal 
compartments of E. histolytica rapidly exchange 
their fluid phase contents with the external milieu 
[6]. Steady state, signifying equal rates of uptake 
and egestion of fluid phase, is an indication of com-
plete filling of this compartment and was reached in 
2–3 h [6]. To determine if colloidal iron-dextran al-
tered the pinocytic loading of early compartments, 
trophozoites were incubated with FITC-dextran 
with or without the magnetic probe. At the time 
points indicated (Figure 1A) samples of cells were 
taken and the level of intracellular fluorescence or 
iron was determined. The kinetics of ingestion of 
the FITC-dextran alone (Figure 1A, open squares) 
was similar to that reported by Aley et al. [6]. Up-
take was linear for the first 60 min after which the 
rate of uptake slowed, reaching equilibrium at 2 h 
(Figure 1A). Steady state was reached at the equiva-
lent volume of 5.2 μl of fluid/106 cells and the half-
time of filling with marker was approximately 50 
min. Pinocytosis of FITC-dextran was not altered 
in the presence of colloidal iron as the rate of fluid 
phase uptake, half-time of saturation, and maxi-
mum saturation volume remained unchanged (Fig-
ure 1A, closed diamonds). These data indicate that 
the magnetic probe did not adversely affect pino-
cytosis by E. histolytica. The initial rate of uptake of 
the iron probe was identical to that of FITC-dextran 
indicating that the magnetic probe was not prefer-
entially internalized as could have occurred had it 
become associated with cell surface proteins (data 
not shown). 
It has been reported that the late acidic endo-
somal compartment of E. histolytica is a  “slow-
loading/slow-release” compartment, and label-
ing of these vesicles with markers requires very 
long pulse times (days) [6]. To determine the op-
timal pulse/chase regime for labeling of late vesi-
cles, cells were pulsed for 3 days in TYI-S-33 sup-
plemented with FITC-dextran, and then chased 
for 6 h in fresh marker-free media. Samples were 
taken at hourly intervals, and the pH of the endo-
somal compartments and the amount of marker re-
maining in the cell was determined. At the begin-
Figure 1. Characterization of the pinocytosis by E. histolytica. A: Pinocytosis of fluid phase was measured in the absence (□) or 
presence (♦) of iron-dextran using FITC-dextran as a fluid phase marker. Colloidal iron-dextran had no adverse effects on pino-
cytic characteristics including rate of FITC-dextran uptake, half-time of saturation with FITC-dextran, and maximum saturation 
volume. B: Cells were pulsed for 3 days with FITC-dextran, and then chased for 6 h in fresh marker-free media. At the time points 
indicated during the chase period, the pH of the compartment harboring the marker (●) and the amount of marker remaining in 
the cells (V) was measured. Average pH declined during the chase period reaching minimum value of 5.10 after 3 h. Marker was 
rapidly exocytosed from the cell such that little remained after 4 h of chase. 
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ning of the chase period the average pH of labeled 
compartments was determined to be 6.25 (Figure 
1B, closed circles). As the marker was chased from 
the near-neutral early compartments, the average 
pH declined reaching a minimum value of 5.10 af-
ter 3 h (Figure 1B, closed circles). Thus, at 3 h, late 
compartments were exclusively labeled. The pH 
remained low for up to 6 h of chase, however, very 
little marker remained in the cell after 4 h (Fig-
ure 1B, open triangles). Thus, optimal loading of 
late compartments of E. histolytica occurred after a 
3-day pulse with marker and a 3-h chase. 
Trophozoites were incubated for 2 h with iron-
oxide-dextran to load early compartments or were 
incubated for 3 days with the probe and chased 
for 3 h in fresh marker free medium for 3 h to la-
bel late compartments. Fed cells were immedi-
ately washed in ice cold buffer H and homoge-
nized by passage through a polycarbonate filter. 
It was determined that 90% of the iron probe was 
pelletable from the homogenate by centrifuga-
tion (data not shown); therefore, organelle disrup-
tion prior to magnetic fractionation was minimal. 
Iron-containing endosomes were then isolated by 
magnetic fractionation as previously described 
[20, 24]. Recovery of endosomal vesicles (esti-
mated by measuring recovery of elemental iron) 
was approximately 57% for early vesicles and 
57% for late vesicles. It is postulated that this im-
proved yield over the previously reported method 
[31] is due to the higher osmolarity of the homog-
enization buffer utilized in this study which af-
forded better protection to the iron containing en-
dosomes during the procedure. It was determined 
that incomplete recovery observed in this study 
was due to breakage of the vesicles during mag-
netic fractionation and not due to a lack of column 
binding by iron-containing vesicles as iron in the 
flow-through could not be pelleted by centrifuga-
tion. Cross-contamination between the two com-
partments (estimated by differential loading of 
the two compartments with FITC- and iron-dex-
trans) was negligible as was contamination with 
plasma membrane (estimated by labeling the cell 
surface (at 4°C) with FITC-succinyl-concanavalin 
A after iron uptake; data not shown). 
3.2. Enrichment of hydrolases in early and late 
endosomes 
Since endocytic compartments are typically 
characterized by their enrichment of acid hydro-
lases, we first measured acid phosphatase in puri-
fied early and late endosomes. We found that acid 
phosphatase activity was enriched in both early 
and late endosomes as compared to whole cell ho-
mogenates (Figure 2). The enrichments were 2- and 
2.5-fold for early and late endosomes, respectively, 
and statistical analysis indicated that these enrich-
ments were significant (Figure 2). Anaya-Ruiz et 
al. [14] recently demonstrated that 83.7% of total E. 
histolytica acid phosphatase was associated with in-
tracellular membranes. Furthermore, it was shown 
that this enzyme had optimum activity at an acidic 
pH of 5.5. Taken together, these data suggest that 
acid phosphatase of E. histolytica may reside in 
endo-lysosomal-like compartments. The results of 
this study provide further evidence that acid phos-
phatase may be sequestered in such compartments 
as evidenced by its enrichment in magnetically pu-
rified endosomes. 
The recovery of total cellular acid phosphatase 
in purified early and late endosomal vesicles was 
17% and 15.5%, respectively. The recovery of acid 
phosphatase activity in the flow-through fraction 
(non-endosomal components and lysed endosomes) 
was approximately 70% (data not shown). The acid 
phosphatase-containing intracellular membrane 
fraction, described by Anaya-Ruiz et al. [14], would 
include the membranes of early endosomal vesicles, 
late endosomal vesicles and vesicles of other mem-
brane trafficking systems such as biosynthetic or se-
cretory pathways that may or may not communicate 
with the endo-lysosomal system. Since only 83.7% 
of cellular acid phosphatase activity associates with 
inner membranes [14] and since the recovery of en-
dosomes in this study was approximately 57% (Sec-
tion 3.1), recovery of acid phosphatase in purified 
endosomal fractions could not be expected to exceed 
47.7% of total cellular activity. Moreover, recovery 
of acid phosphatase activity in purified early and 
late endosomes would represent only that portion 
of the enzyme that is associated with the compart-
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ment (early or late) of interest. The similar recovery 
of acid phosphatase in early and late vesicles sug-
gests that equivalent levels of acid phosphatase are 
associated with early and late endosomes. 
Acid and neutral proteases ranging in molecu-
lar weight from 16 to 116 kDa have been identified 
in extracts of E. histolytica [3]. Since endocytic com-
partments are typically characterized by their acid-
ity, we measured acid protease activity in purified 
endosomes using partial-denaturing gelatin SDS-
PAGE. Protease activity in the range of 29-68 kDa 
was found to be enriched in early endosomes as 
compared to whole cell homogenates (Figure 3A). 
These activities were inhibited by pre-incubation of 
the purified endosomes with a potent specific inhib-
itor of cysteine proteases, E-64, suggesting that gel-
atin hydrolysis came about by the action of one or 
more cysteine proteases (Figure 3B). This group of 
proteases was also observed in the flow through 
fraction (non-endosomal components and lysed 
endosomes) but was not enriched as compared to 
whole cell homogenates (data not shown). 
A doublet of gelatinoytic activity at 44 and 46 
kDa demonstrated the greatest enrichment among 
the observed proteases. The gelatinolytic activity 
observed in the 29–35-kDa range is consistent with 
the mobility and activity of the 27-kDa cysteine pro-
tease in non-denaturing or partial-denaturing gela-
tin SDS-PAGE systems [11] suggesting that this im-
portant virulence factor is enriched in this endocytic 
compartment of E. histolytica. Higher molecular 
weight (> 35 kDa) cysteine protease activities that 
were observed to be enriched in early endosomes 
are consistent with the results of Li et al. [11], An-
kri et al. [32], and de Meester et al. [33]. All but three 
of these cysteine protease activities, the 68-, 46- and 
29-kDa species (Figure 3A, solid arrows), were also 
enriched in late endosomes of E. histolytica. The en-
richment of proteases in early endosomes and not in 
late endosomes is not unprecedented; macrophages 
demonstrate differential enrichment of cathepsins 
in early and late endosomes and lysosomes [34]. In 
both E. histolytica and macrophages, the physiolog-
ical relevance of this differential enrichment is not 
Figure 2. Enrichment of acid phosphatase activity in magnetically purified endosomes of E. histolytica. Acid phosphatase activity 
was measured in whole cell homogenate and magnetically purified early and late endosomes. Each bar represents the mean ± S.D. 
of four experiments. Acid phosphatase activity was significantly enriched in early endosomes (*P < 0.05) and very significantly 
enriched in late endosomes (**P < 0.01) as compared to homogenate. 
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known and the mechanisms by which proteases are 
retained in various endosomal compartments re-
mains to be studied. 
Previously, it had been shown by immuno-elec-
tron microscopy that a major 30 kDa cysteine pro-
tease was localized to clear cytoplasmic zones not 
limited by membrane, but translocated to phago-
somes after trophozoites ingested erythrocytes [35]. 
Interestingly, cysteine protease activity in the 30-
kDa range was found to be enriched in the magnet-
ically purified vesicles (Figure 3A) suggesting that 
this activity may also translocate to vesicles of pino-
cytic origin and that during maturation pinosomes 
may be modified in a manner similar to that for 
phagosomes. 
de Meester et al. [33] have reported that several 
additional cysteine proteases (56, 40, and 39 kDa) 
are associated with E. histolytica. This was demon-
Figure 3. Gelatin SDS-PAGE demonstrating acid cysteine protease activity in magnetically purified endosomes of E. histolytica. 
Total protein (10 μg/lane) from whole cell homogenate and magnetically purified early and late endosomes (A) or total pro-
tein from these fractions pre-incubated with a cysteine protease inhibitor, E-64 (B), were resolved under partial-reducing condi-
tions on polyacrylamide gels containing 0.2% (w/v) gelatin as described [26]. The apparent molecular mass (in kDa) is shown on 
the right. A number of cysteine proteases in the 29–68-kDa range were found to be enriched in early endosomes as compared to 
whole cell homogenates (A) and inhibited by pre-incubation with E-64 (B). All but three of these cysteine proteases, the 68-, 46- 
and 29-kDa species (A, solid arrows), were also enriched in late endosomes of E. histolytica. 
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strated by incubating cells with an 125I-labeled, ir-
reversible, cysteine protease inhibitor, followed by 
SDS-PAGE of trophozoite extracts and autoradi-
ography. In the present study we did not observe 
these cysteine proteases. This difference may be due 
to the fact that the radiolabeling protocol described 
by de Meester et al. [33] would not distinguish be-
tween neutral and acid cysteine proteases, while the 
gelatin SDS-PAGE employed in this study would 
only reveal acid cysteine protease activity. There-
fore, these four additional proteases may have neu-
tral pH optima and would not be observed under 
the conditions of gelatin hydrolysis employed in 
this study. Alternatively, since partial-reducing con-
ditions were used in this study to resolve protease 
activity and de Meester et al. [33] employed reduc-
ing conditions, the absence of the 55-, 40-, and 39-
kDa proteases observed in this work may be due to 
differences in mobility of these activities in different 
gel systems. 
To confirm the enrichment of the 27-kDa cyste-
ine protease in early and late endosomes of E. histo-
lytica, Western blot analysis of purified vesicles was 
carried out using anti-27 kDa cysteine protease an-
tibodies [12]. Scanning densitometry of the West-
ern blot indicated that this protease was enriched 
six-fold in early vesicles and five-fold in late vesicles 
(Figure 4). These data correlate well with the enrich-
ment of protease activity in the 29–35-kDa range on 
gelatin SDS-PAGE gels (Figure 3). 
In many eukaryotic cells, secretory and endo-
somal pathways may merge. Newly synthesized 
precursors of hydrolases are phosphorylated and 
sulfated on oligosaccharide side-chains in the Golgi, 
proteolytically cleaved in endosomal compartments, 
and then transported to dense secondary lysosomes 
where processing is completed. Acid phosphatase 
[13] and the 27-kDa cysteine protease [12] are se-
creted proteins and were found to be enriched in 
purified endosomal vesicles suggesting that secre-
tory and endocytic pathways may also merge in E. 
histolytica. 
3.3. Cloning and sequencing of Rab cDNA clones 
Rab GTPases play important roles in endosomal 
vesicle trafficking. It is likely that Rab-like GTPases 
regulate similar processes in E. histolytica; however, 
to date only one Rab, a Rab7-related GTPase, has 
been identified in this organism [19], and its func-
tion has not been discerned. To begin to identify 
the role of Rab GTPases in endosomal trafficking of 
E. histolytica, we sought to identify additional Rab 
GTPases. 
Portions of two Rab genes from E. histolytica 
(EhRabs), 321 and 327 base pairs long, were iso-
lated from a set of PCR products amplified from 
E. histolytica genomic DNA (data not shown). PCR 
was performed using degenerate sense and an-
tisense primers corresponding to the amino acid 
sequences, GVGK(T/S) and GNKCD, respec-
tively. Both of these amino acid sequence motifs 
are highly conserved in Rab family proteins. The 
PCR products were sequenced and the ammo acid 
Figure 4. Western blot analysis of a lysate of E. histolytica trophozoites (homogenate) and magnetically purified early and late en-
dosomes to determine the enrichment of the 27-kDa cysteine protease (cp). Proteins from these fractions were resolved by SDS-
PAGE, transferred to nitrocellulose membranes and decorated with a polyclonal antibody recognizing the 27-kDa cysteine pro-
tease [12]. The relative level of the antigen (indicated below the blot) was determined by scanning densitometry and the level of 
protease in the homogenate was given an arbitrary value of 1. The 27-kDa cysteine protease was enriched in early and late endo-
somes as compared to whole cell homogenate. 
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sequences predicted to be encoded by these PCR 
products demonstrated a high degree of homol-
ogy with various heterologous Rab proteins (data 
not shown). An E. histolytica cDNA library was 
screened with 32P end-labeled oligonucleotides 
that were designed using sequence information 
obtained from the PCR products described above. 
From an initial screen of 30,000 clones, two posi-
tive clones, termed EhRab11 and EhRabA, were iso-
lated and sequenced on both DNA strands (Fig-
ure 5). The original oligonucleotide sequences 
were found within the nucleotide sequences of the 
two clones, thus supporting the authenticity of the 
clones (Figure 5, underlined sequences). The pre-
cise nucleotide sequence of the PCR-generated 
fragments was found in the nucleotide sequence of 
the corresponding cDNAs clones. 
3.4. Deduced EhRab11 polypeptide and homology 
The EhRab11 clone (660 base pairs; GenBank Ac-
cession No. AF03018) contained a single open read-
ing frame predicted to encode a polypeptide of at 
least 206 amino acids with a molecular mass of at 
least 23.2 kDa as the start codon was missing from 
the cDNA clone (Figure 5). Using the same cDNA li-
brary, Lohia and Samuelson [36] have isolated full 
length and 5’ truncated clones encoding several 
other small molecular weight GTPases including, 
Eh rac A, Eh racB, Eh racC, and Eh racD. Attempts 
to recover a full-length EhRab11 clone are currently 
underway. 
Phylogenetic analysis was performed to identify 
Rab proteins to which EhRab11 was most similar. 
Such information may provide insight into the evo-
lutionary origin of the EhRab11 gene or the function 
of its associated gene product. EhRab11 clustered 
with a group of Rab 11-related proteins and was 
closely related to the Rab 11 homologs of Saccharo-
myces cerevisiae and Plasmodium falciparum (Figure 6). 
These Rab11-related proteins and EhRab11 share at 
least 52% identity and 70% similarity at the amino 
acid level (Figure 7). The relatedness of EhRab11 
to other Rab 11 proteins was further confirmed by 
aligning the predicted amino acid sequence of Eh-
Rab11 with Rab 11 proteins from various species 
(Figure 7). The alignment revealed that EhRab11 
was highly related along the entire length of the de-
duced amino acid sequence to these Rab 11-like pro-
teins. By comparison with other Rab proteins, it is 
predicted that codons for three to six amino acids 
are missing from the 5’ end of the EhRab11 clone. 
Therefore the predicted molecular weight of the 
full-length gene produce of EhRab11 is between 26.5 
and 29.8 kDa. 
3.5. Conserved domains of EhRab11 
The alignment also revealed that EhRab11 dis-
plays many of the structural features charac-
teristic of small molecular weight GTP-binding 
proteins (Figures 5 & 7) and in particular, Rab GT-
Pases. Firstly, the four domains which were orig-
inally identified in the small molecular weight 
GTPase, p21 Ras, [37] and are proposed to partic-
ipate in the binding of GTP/GDP, are highly con-
served in EhRab11 (Figures 5 & 7). These domains 
include the highly conserved WD-TAGQE (region 
II) amino acid sequence motif which is proposed to 
interact with the γ-phosphate of GTP, the NKXD 
(region III) sequence, also termed the guanine 
specificity region, and the EXSAK/L (region IV) se-
quence which is proposed to interact with the gua-
nine base. While the guanine binding loop, charac-
terized by the amino acid sequence GXXXXGKS/T 
(region I), is the most variable of the four con-
served domains, this motif is also highly conserved 
in EhRab11. 
In addition to the four GTP binding domains, Eh-
Rab11 also contains a highly conserved arginine res-
idue and phenylalanine residue, following the sec-
ond and fourth GTP binding domains, respectively 
(see asterisks (*), Figure 7). EhRab11 also contains a 
carboxy terminal “-cysteine-cysteine” motif (Figures 
5 & 7) which is characteristic of Rab GTPases and is 
essential for proper membrane localization and nor-
mal functioning of the protein. 
The putative effector domain of small molecular 
weight GTPases, which is the site of interaction with 
effector proteins and possibly regulatory proteins 
such as activators or inhibitors, is a less conserved 
region among members of the Rab family of GTP-
binding proteins. This region is thought, however, 
to provide the signature sequence differentiating the 
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various classes of Rab proteins. The putative effec-
tor domain of EhRab11 is identical to those of other 
Rab11-related proteins (Figure 7) further confirming 
the relatedness of the Entamoeba protein and other 
Rab11 species. Together these data suggest that Eh-
Rab11 is an authentic Ras-related GTP-binding pro-
tein of the Rab family and that EhRab11 is a Rab11 
homolog for Entamoeba. 
3.6. Deduced EhRabA polypeptide and homology 
The EhRabA clone (810 base pairs, GenBank Ac-
cession No. AF030184) contained a single open read-
ing frame predicted to encode a polypeptide of 219 
amino acids with a predicted molecular mass of 24.5 
kDa (Figure 5). The predicted translation product of 
EhRabA, EhRabA, contains many of the hallmarks of 
Rab GTPases, including a carboxy terminal –cyste-
ine–X–cysteine motif and the four GTP-binding do-
mains (Figure 5). 
A search of the NCBI database revealed that Eh-
RabA shares less than 47% amino acid sequence 
identity with other existing Rab proteins (data not 
shown). Furthermore, phylogenetic analysis dem-
onstrated that EhRabA showed only limited re-
latedness to other select Rab proteins (Figure 6). 
Taken together these results suggest that EhRabA is 
a novel member of the Rab family of GTP-binding 
proteins. 
3.7. Enrichment of Entamoeba Rab GTPases in puri-
fied endosomal compartments 
In mammalian cells, Rab 11 has been localized 
to constitutive and regulated secretory vesicles [38] 
but its exact function in secretion has not been dis-
Figure 6. Phylogenetic analysis of EhRab11 and EhRabA predicted amino acid sequences. GenBank Accession numbers are 
given in square brackets ([ ]). A progressive alignment of Rab-like proteins from E. histolytica [Eh Rab11 = AF30183; Eh RabA = 
AF30184], a marine gastropod [Aplysia californica (Ac), Rab3 = U00986], Dictyostelium discoideum (Dd) [Rab1A = L21009; Rab1B = 
L21010; Rab4=U02927; Rab11 = U02925; Rab7 = U02928], Drosophila melanogaster (Dm) [Rab10 = 2317272; Rab11 =D84315; Rab6 = 
2317272], Rat [Rab8b = 1314638], Homo sapiens (Hs) [Rab13 = 1710016; Ypt3 = X79780; Rab11A = AF000231; Rab5 = 642532], a green 
alga [Volvox carteri (Vc)] Rab2 = 549811], Caenorhabditis elegans (Ce) [Ypt1 = AF003139], electric ray [Discopyge ommata (Do), Ora3 
= M38392], Mus musculus (Mm) [Rab11B = L26528], a green alga [Chlamydomonas reinhardtii (Cr), YptC6 = U13169], rice [Oryza sa-
liva (Os), Ric2 = D13858], Schizosaccharomyces pombe (Sp) [Ypt3 = X52100], Plasmodium falciparum (Pf) [Rab11 = X93161], Saccharomy-
ces cerevisiae (Sc) [Ypt31p = U18778, U00092]. The progressive alignment was drawn using PCGENE®, V6.85 (Intelligenetics, Inc.). 
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cerned. More recently, Rab11 has been demon-
strated to regulate membrane traffic through the 
recycling endosome in mammalian cells [39]. Rab7-
like GTPases have also been shown to play roles in 
early endosome function [40–42]. To determine if 
the E. histolytica Rab11-like and Rab7-like GTPases 
localized to endosomal compartments, we gener-
ated antibodies that were highly specific for the C-
terminal divergent regions of EhRab11 and EhRab7 
and performed Western blot analysis of magneti-
cally purified endosomes. The antibodies generated 
to EhRab11 and EhRab7 recognized single bands of 
28.5 and 24 kDa, respectively. Consistent with their 
proposed function in mammalian cells, EhRab11 
was enriched 8.7- and 3-fold in purified early and 
late endosomes of E. histolytica, respectively (Figure 
8). EhRab7 was enriched 2.3- and 1.5-fold in early 
and late endosomes, respectively (Figure 8). These 
data suggest that these Rabs may play a role in vesi-
cle trafficking between early and late compartments 
of E. histolytica. This is the first subcellular localiza-
tion of any Rab GTPase of this organism. EhRab11 
and EhRab7 were also detected in the flow through 
fraction (non-endosomal components and lysed en-
dosomes) but were not enriched as compared to 
whole cell homogenates (data not shown). 
4. Conclusions 
We have isolated and characterized early and late 
pinosomal compartments of E. histolytica and dem-
onstrated that they were enriched in acid phospha-
tase activity and a number of cysteine proteases in-
cluding the 27-kDa cysteine protease, proposed to 
be important in pathogenicity. In many eukaryotes, 
intermediate and mature forms of hydrolases reside 
in organelles that are part of or communicate with 
the endosomal pathway. The data presented in this 
study suggest that E. histolytica hydrolases may also 
reside in a compartment that is part of the endo-
somal pathway. 
We also described the cloning and characteriza-
tion of cDNAs encoding a Rab11-like member and 
a novel member (EhRabA) of the Ras-related Rab 
family of GTPases from E. histolytica. Western blot 
analysis demonstrated that the Rab11-like and a 
previously described Rab7-like [19] GTPases were 
Figure 8. Western blot analysis of a lysate of E. histolytica trophozoites (homogenate) and magnetically purified early and late en-
dosomes to determine the enrichment of the Rab11-like and Rab7-like GTPases. Proteins from these fractions were resolved by 
SDS-PAGE, transferred to nitrocellulose membranes and decorated with a polyclonal antibody recognizing EhRab11 or EhRab7. 
The antibodies generated to EhRab11 and EhRab7 recognized single bands of 28.5 and 24 kDa, respectively. The relative level of 
the antigen (indicated below the blot) was determined by scanning densitometry and the levels of the Rab GTPases in the homog-
enate were given an arbitrary value of 1. EhRab11 and EhRab7 were enriched in early and late endosomes as compared to whole 
cell homogenate. 
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enriched in early and late compartments. These 
data suggest that these Rabs may function in pino-
cytosis and/or trafficking between the early and 
late compartments of E. histolytica. Although West-
ern blot analysis indicated that EhRab11 and Eh-
Rab7 associate with the endo-lysosomal system of 
E. histolytica, it is conceivable that EhRab11 and/
or EhRab7 may also be localized to and function in 
vesicular movement of other membrane systems 
that may communicate with the endo-lysosomal 
system by vesicle trafficking. Analysis of the po-
tential subcellular localization of these Rabs in the 
endoplasmic reticulum, Golgi, or secretory mem-
brane systems is currently underway. The physio-
logical relevance of the novel Rab, EhRabA, is not 
known however, subcellular localization of this 
protein may provide insight into its function. The 
identification of this novel Rab is a potentially im-
portant finding as proteins exclusive to E. histolyt-
ica may serve as targets for the future development 
of anti-amoebic protocols. 
Mutational analysis of the individual Rab pro-
teins of E. histolytica will provide insight into pro-
tein and vesicle trafficking in this organism. These 
processes are critical in the pathogenicity of this or-
ganism and elucidation of the mechanisms govern-
ing membrane trafficking is crucial to understand-
ing the biology of the parasite and the disease that 
it causes. 
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